VcR-CVAD with maintenance rituximab is an intermediate-intensity regimen for older and younger patients with mantle cell lymphoma (MCL). Thirty patients were treated, with a primary endpoint of response and secondary endpoints of progression-free and overall survival. After a median follow-up of 7.8 years, no relapses were observed beyond 6 years. VcR-CVAD has long-term outcomes comparable with more intensive chemotherapy regimens. were overall and complete response (CR), and the secondary endpoints were progression-free survival (PFS) and overall survival (OS). Thirty patients were enrolled, with a median age of 61 years. There was an even distribution of patients < 60 years and ! 60 years. Mantle cell lymphoma international prognostic index medium-or high-risk disease was present in 60%. The overall response rate observed was 90% (77% CR/unconfirmed CR). After a median followup of 7.8 years, the 6-year PFS and OS were 53% and 70%, respectively. There was no difference in 6-year PFS or OS between the younger (age < 60 years) and older (age ! 60 years) subgroups. In a univariate analysis, lactate dehydrogenase, when analyzed for interaction with age, had a significant effect on PFS outcomes at 6 years. There were no pretreatment variables determined to have a significant effect on OS outcomes at 6 years. Conclusions: Long-term outcomes with VcR-CVAD are comparable with more intensive inductions and consolidation approaches. MCL is biologically heterogeneous, and durable remission can be achieved with intermediate intensity therapy. MR appears to contribute to these excellent outcomes.
Introduction
Mantle cell lymphoma (MCL) is a subtype of non-Hodgkin lymphoma (NHL) with biological characteristics intermediate between indolent and aggressive histologies. Although MCL has historically been treated with regimens administered for treatment of other high-grade NHLs, chemotherapy is not curative for MCL, and the short median progression-free survival (PFS) of 16 to 17 months with R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone) is substantially shorter than that observed in other subtypes of indolent NHLs. 1, 2 The median age of MCL diagnosis is 64 years, 3 which increases the likelihood of concurrent comorbidities that may further limit the tolerability of treatment-related toxicities.
Owing to the limited benefit observed with R-CHOP chemotherapy, a modified hyper-CVAD regimen was developed as an intermediate-intensity regimen to escalate the dose-intensity of induction chemotherapy, yet with a toxicity profile more tolerable than intensive approaches (ie, hyper-CVAD chemotherapy, autologous stem cell transplant [ASCT] consolidation). [4] [5] [6] Previous experience with rituximab þ modified hyper-CVAD followed by maintenance rituximab through the Wisconsin Oncology Network (WON) had shown promising improvement in median PFS to 37 months in previously untreated MCL. 7 With the emergence of bortezomib as an active single-agent in MCL, this agent was incorporated into a modified rituxuimab þ hyper-CVAD induction, and termed VcR-CVAD (bortezomib/Velcade, rituximab, hyper-fractionated cyclophosphamide, vincristine, doxorubicin, dexamethasone). Outcomes with VcR-CVAD induction followed by 5 years of maintenance rituximab have previously been reported, with a 3-year PFS of 63%. 8 Longer-term survival outcomes and toxicities are now reported.
Material and Methods

Patients
This was prospective study performed through the WON, a cooperative group consisting of the University of Wisconsin Carbone Cancer Center and several affiliated community-based practices. Eligible patients were age ! 18 years with a histologically confirmed diagnosis of MCL and measurable or evaluable disease. Patients were previously untreated except for up to 1 cycle of CHOP or CHOP-like therapy. Patients were required to have an Eastern Cooperative Oncology Group (ECOG) performance status (PS) 2 and adequate serologic parameters (neutrophils ! 1500/ mm 3 , platelets ! 100,000/mm 3 , serum creatinine 2 mg/dL, serum bilirubin 2 mg/dL, and aspartate aminotransferase 2.5 times the laboratory upper limit of normal). Low blood counts were not exclusionary if related to splenomegaly or disease replacement of bone marrow. Patients were ineligible if they had known central nervous system involvement by lymphoma, were pregnant or breastfeeding, or had an active second malignancy requiring radiation or chemotherapy treatments. Additional exclusionary criteria were known HIV infection, chronic or active hepatitis B infection, or New York Heart Association class III or IV heart failure. The study was approved by the Human Subjects Committee at the University of Wisconsin and by the Institutional Review Board at each participating WON institution. All patients signed an informed consent document describing the investigational nature of the proposed treatment.
Treatment
The VcR-CVAD regimen has previously been described. 9 Briefly, patients received 6 cycles of VcR-CVAD induction therapy (28-day cycles): rituximab 375 mg/m 2 intravenously (IV) day 1, bortezomib 
Patient Evaluation and Response Criteria
Patients were assessed for response by computed tomography imaging after cycles 2, 4, and 6 of induction VcR-CVAD, following consolidation therapy, every 6 months during the maintenance phase, and annually following completion of therapy. Responses were defined by the 1999 International Working Group criteria. 11 
Statistical Considerations
The primary endpoint of this study was the observed overall response (OR) and complete response (CR) to the VcR-CVAD regimen at the completion of induction therapy. A 2-stage design was undertaken to test the null hypothesis that a true probability of OR is at most 0.7 versus the alternative hypothesis that it is at least 0.9. The significance level of this test is 0.10 with a power of 0.9. Initially, 15 evaluable patients were to be assessed for response, with plans to terminate enrollment early if there were 11 or fewer objective responses observed. An additional 15 evaluable patients were to be enrolled if there were 12 or more objective responses observed in the first stage of the study.
Secondary endpoints included determination of PFS and OS, and assessment of tolerability and toxicity associated with the treatment. PFS was calculated from the date of first VcR-CVAD administration until progression of disease or death from any cause. OS was calculated from the date of first VcR-CVAD administration until death from any cause.
The survival distribution for PFS and OS was estimated using the Kaplan-Meier method. Cox proportional hazard regression models e62 -Clinical Lymphoma, Myeloma & Leukemia January 2018 VcR-CVAD Chemotherapy for Mantle Cell Lymphoma and log-rank tests were used to assess whether baseline characteristics were predictive of PFS and OS.
Results
Clinical Characteristics
Between July 2005 and May 2008, 30 patients were enrolled from 4 institutions. Details of patient characteristics have been published previously. 8 Briefly, the median age for enrolled patients was 61 years, with 80% men. One-half of enrolled patients were age < 60 years, and one-half were age ! 60 years. All patients had advanced stage disease, and 6 patients had blastoid morphology. The mantle cell lymphoma international prognostic index (MIPI) risk score indicated medium-or high-risk disease in 60% of patients.
Response
All 30 enrolled patients were evaluable for response. Three patients experienced progression during induction therapy, and the remaining 27 patients experienced an objective response (ORR, 90%; 95% confidence interval [CI], 73%-98%). Twenty-three patients achieved a CR or unconfirmed CR (77%; 95% CI, 59%-88%). Three of 4 patients with a partial response after induction chemotherapy improved to a CR during maintenance rituximab (MR).
PFS and OS
After a median follow-up of 7.8 years among surviving patients, the median PFS was 8.14 years (95% CI, 2.81-not reached), and the median OS has not been reached ( Figure 1 ). Six-year estimates (Table 1) . No relapses were observed beyond 6 years. Fifteen (50%) patients remain alive and in continuous first remission, with an even distribution of patients age < 60 years (n ¼ 15) and ! 60 years (n ¼ 15). Ten deaths have occurred; 5 related to progressive MCL, 3 related to complications of allogeneic transplant, and 2 related to second malignancies (lung cancer and T-cell NHL).
Univariate Analyses
The 6-year PFS and OS by pre-treatment variables are shown in Table 1 . Given the equal distribution of patients among younger and older subgroups, each pretreatment variable was evaluated for interaction with age. The pretreatment variable that was found to have a significant effect on the PFS outcomes at 6 years included lactate dehydrogenase (LDH) group by age group (< 60 vs. ! 60 years). There were no pretreatment variables that were determined to have a significant effect on OS outcomes at 6 years, although there was a trend towards significance between age group and elevated LDH.
Age. There was no difference in PFS or OS by age among the older (! 60 years) and younger (< 60 years) subgroups (Table 1 ). The median PFS was 8.14 years (95% CI, 2.2-not reached) for the younger subgroup and 4.65 years (95% CI, 2.51-not reached) for the older age group (P ¼ .703) (Figure 1 ). MIPI Score. The observed difference in PFS and OS between the 3 MIPI groups was not significant ( Table 1) . The association between age group (< 60 vs. ! 60 years) and MIPI level on PFS showed no significant interaction (P ¼ .198). Similarly, there was no interaction between age group and MIPI on OS (P ¼ .124).
Blastoid Histology. Of 6 patients with blastoid histology, 3 remain in continuous remission on long-term follow-up. Blastoid histology was not significantly associated with worse PFS or OS on long-term follow-up ( Table 1) . The association between blastoid histology status and age group on PFS and OS was assessed, and no significant interactions were found.
LDH Level. No difference in PFS was observed between those patients with an elevated versus normal LDH. However, there was a significant interaction (P ¼ .001) between age group and LDH level for PFS ( There was a trend towards a significant interaction between age group and LDH level for OS (P ¼ .053). Among patients with an elevated LDH, there was a trend toward the younger age group having improved OS (RR, 0.25; 95% CI, 0.05-1.28; P ¼ .096). Among patients with a non-elevated LDH, there was no significant difference in OS between the younger and older group (P ¼ .225).
Other Baseline Characteristics. There was no association between PFS and OS and the additional baseline characteristics of b 2 -microglobulin, ECOG PS, number of extranodal sites, and Ki-67 proliferative index. In addition, no interaction was found between these variables and age in predicting PFS and OS.
Multivariate Analysis
In a multivariate analysis, the baseline factors of ECOG PS and increase in number of extranodal sites were associated with OS. There was a trend toward an increase in ECOG PS by one being associated with worse OS (RR, 5.35; 95% CI, 1-28.75; P ¼ .051) and an increase in number of extranodal sites by 1 was associated with better OS (RR, 0.06; 95% CI, 0.01-0.66). The other baseline characteristics were not significantly associated with OS.
Treatment Tolerability
Tolerability of VcR-CVAD induction has been previously published. 8 The median cycles of MR received was 10.5 (median, 21 months), with a dose intensity of MR of 59% for those receiving at least 1 cycle. Six patients (20%) were able to receive all 20 doses of planned MR. Fifteen (50%) patients received 11 to 20 doses of MR. Among the 15 patients in long-term first remission, the median number of MR doses was 12. This compared with median number of MR doses of 5 among patients not achieving long-term remission (included 4 patients who never started MR).
Toxicity
Acute toxicities to the regimen have been previously published. 8 Since that publication, there have been no cases of treatment-related myelodysplasia or acute leukemia reported. The 2 events of secondary malignancies post-therapy (T-cell NHL and lung cancer) were not attributable to protocol therapy. Hypogammaglobulinemia with recurrent infections occurred in 10 patients (33%), including 4 patients who required > 6 months of gamma globulin support. Among patients with hypogammaglobulinemia, 2 serious infectious events were observed (pneumococcal sepsis and recurrent Clostridium difficile infection). Eight patients with hypogammaglobulinemia experienced recurrent grade 1 to 2 respiratory infections.
Six events of delayed neutropenia occurred during MR in 5 patients. All responded to granulocyte colony-stimulating factor and did not limit further rituximab administration.
Discussion
Therapy for MCL has evolved significantly in the last 15 years, prior to which time outcomes were poor with standard R-CHOP chemotherapy.
1,2 Although improvements in PFS were reported with front-line therapy using intensive regimens such as R-hyper-CVAD or R-maxi-CHOP and the use of ASCT as consolidation therapy, these approaches are not feasible for many adult patients owing to toxicity concerns. 4, 12 For example, the long-term remissions reported in the single-institution experience with R-hyper-CVAD could not be replicated in the multi-institution setting, where approximately 40% to 60% of patients were unable to complete protocol therapy. 13, 14 Similarly, approaches with consolidative autologous transplant typically limited enrollment to patients under the age of 65. [4] [5] [6] Aside from intensive therapies limited to younger patients, advancements in MCL therapy in older adults have included the development of intermediate intensity regimens and/or incorporation of maintenance therapies. The experience previously published with R-modified hyper-CVAD followed by 2 years of MR reported a median PFS of 37 months and therapy that was well-tolerated. 15 The subsequent development of VcR-CVAD was aimed at further improving depths of remission with the addition of bortezomib to induction and extending the duration of MR, with the resulting improvement of 3-year PFS to > 60%. 8 The European MCL Network established the benefit of maintenance rituximab in significantly improving PFS after a nonintensive induction of FCR (fludarabine, cyclophosphamide, rituximab) versus R-CHOP. 15 The enrolled population in this trial is representative of a typical MCL population, with half of patients' age ! 60 years. Therapy was well-tolerated, with 90% of patients able to complete induction therapy, with the only reason for not completing induction therapy being progressive disease in 3 patients. 8 MR was associated with a reasonably high rate of hypogammaglobulinemia, leading to premature discontinuation of MR during a planned 5-year course of maintenance.
Optimal duration of maintenance therapy in MCL remains unclear. The initial report with R-modified-hyper-CVAD and MR by the WON limited the duration of maintenance to 2 years. The
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Clinical Lymphoma, Myeloma & Leukemia January 2018 -e65 reported median PFS of 37 months with R-modified-hyper-CVAD and MR demonstrated less durable disease controlled compared with VcR-CVAD. 16 Whether the improved outcomes with VcR-CVAD versus R-modified-hyper-CVAD are due to the addition of bortezomib or extended duration of MR is uncertain. However, 2 large randomized intergroup trials have reported overall survival advantages with use of more extended courses of MR beyond the standard 2-year course of MR established in indolent NHLs. 15, 17 The European MCL Network reported a significant improvement in OS when an indefinite course of MR was given after a non-intensive R-CHOP induction compared with maintenance interferon-a (4-year survival, 87% vs. 63%; P ¼ .005). 15 At 4 years of follow-up, only 28% of patients had stopped MR prematurely. 15 The experience in the LyMa trial found an OS advantage with 3 years of MR after a cytarbine-containing induction and consolidative ASCT (4-year EFS 78.9% with MR vs. 61.4% without MR; P ¼ .0012). 17 It is possible that the extended course of MR in this study was important for maintaining durability of remissions. However, prolonged maintenance therapy also was associated with increased risk of hypogammaglobulinemia and associated complications. Further research designed to identify the optimal duration of maintenance therapy in MCL is warranted. Importantly, no relapses were observed beyond 6 years of followup. Although it is probable that a continuous pattern of relapse will be observed as previously reported on long-term follow-up with R-hyper-CVAD and R-maxi-CHOP with ASCT, 18, 19 the impressive duration of first remission with this intermediate-intensity regimen is comparable with that reported from other intensive induction approaches only tolerable in younger and fitter patients (Table 2) . Notably, there was no difference in PFS or OS between younger patients (age < 60 years) versus older patients (age ! 60 years). Although the number of patients with blastoid morphology was small (n ¼ 6), these patients did not experience worse survival outcomes, and 3 of these patients remain in continuous first longterm remission. E1405 was developed as a follow-up study to evaluate VcR-CVAD in the multicenter setting. It is possible that patients in E1405 were permitted to undergo ASCT as consolidation after VcR-CVAD induction. This design was performed owing to the hypothesis that induction VcR-CVAD may be a primary contributor to the observed durable remissions, and that younger patients receiving VcR-CVAD may achieve further improvement in PFS if consolidated with ASCT. In patients not receiving ASCT, 2 years of MR was administered. Initial reporting of E1405 showed 3-year PFS of 67% among patients receiving MR, and therapy was welltolerated. No significant difference in PFS or OS was observed between patients treated with MR and ASCT. Longer-term follow is planned to determine if the promising durable remissions with VcR-CVAD can be replicated in the cooperative group setting.
An important question remains as to how VcR-CVAD may fit into the current treatment paradigm for MCL. One important aspect of VcR-CVAD is demonstration of the proof of principle that intensive therapy approaches in induction and/or consolidation may not be required to achieve durable remissions with first-line therapy in MCL. This is important given that a substantial number of patients may not clearly fit into the current dichotomous treatment paradigm of intensive versus non-intensive therapy approaches. A common scenario faced by clinicians is an older adult in the sixth or seventh decade of life in good health but in whom toxicity with ASCT may not have an acceptable risk. However, this type of patient could tolerate therapy that is intensified beyond a standard R-CHOP or bendamustine-based induction. This common scenario illustrates the need for either: (1) Ongoing use and development of intermediate intensity regimens; (2) Rational incorporation of novel agents into an induction or maintenance; or (3) Better prospective means of identifying patients who may have durable benefit from less intensive therapy.
E1411 was developed to investigate the incorporation of novel agents into a standard induction and maintenance approach. Patients were randomized upfront to receive bendamustine þ rituximab (BR) induction versus BR þ bortezomib followed by maintenance with either single-agent rituximab versus rituximab þ lenalidomide. Accrual to this trial was completed in 2016, and results are pending. Other approaches have included incorporation of the highly active Bruton's tyrosine kinase inhibitor ibrutinib in front-line therapy of MCL. 20 Experience with BR chemotherapy combined with ibrutinib during chemotherapy followed by continuous ibrutinib dosing until progression was reported in multiple NHL histologies, including 17 patients with MCL (5 previously untreated). The OR among the patients with MCL was 94% (76% CR), and the median PFS has not been reached. 20 An ongoing trial (NCT0177684) is investigating outcomes in previously untreated MCL treated with a standard bendamustine and rituximab induction combined with ibrutinib. Minimal residual disease (MRD) testing is also being investigated as a means to better understand the intensity of therapy that may be required to achieve durable disease remissions. A potential advantage of MRD testing is that it may not require upfront commitment to a pathway of treatment intensity, but instead tailor intensity (ie, need for consolidative ASCT) based on therapy response. A report of CALGB 50403 investigated prognostic implications of MRD status using polymerase chain reaction (PCR)-based techniques in 49 patients with MCL treated with intensive induction chemotherapy and consolidative ASCT for whom sequential MRD samples were available. 21 Patients with early eradication of MRD following 2 cycles of intensive induction therapy had significantly improved PFS (P ¼ .017). None of the patients who achieved MRD-negative status postinduction (n ¼ 15) had relapsed after a median of 3.3 years of follow-up. 21 Pott et al described clinical outcomes as it relates to MRD status in 2 large international phase III trials of the European MCL Network in which MRD was a secondary endpoint. 22 The 2 trials included both younger patients treated with a more intensive induction and ASCT (MCL Younger) and older patients (MCL Elderly) treated with a less intensive induction (R-FC vs. R-CHOP) followed by rituximab or interferon maintenance. MRD data and a documented clinical remission after induction was available in 156 patients. Patients achieving a MRD-negative clinical remission after induction had an 87% chance of ongoing remission at 2 years compared with 61% of patients with MRD-positive clinical remission (P ¼ .004). 23 Sustained MRD negativity during maintenance therapy was also predictive of outcome. In the MCL Elderly trial, the response duration at 2 years was 76% in those with sustained MRD-negative status, compared with 36% of those with persistent residual disease by MRD analysis (P ¼ .015). 23 These compelling data regarding the prognostic value of MRD status post-induction therapy in MCL are the basis for the intergroup study EA4151. In this trial, patients are allowed to receive any induction regimen, with risk stratification to either consolidation ASCT versus MR based on the MRD status by next generation sequencing postinduction. Patients in a partial remission or with MRD positivity post-induction will go on to receive consolidative ASCT. In patients achieving a MRD-negative CR, patients will be randomized to ASCT versus MR. This study will provide valuable insight into the ability of MRD testing to prospectively identify patients who may benefit from less intensive therapy with preserved outcomes.
Conclusion
VcR-CVAD is a moderate-intensity regimen with favorable 6-year PFS and a toxicity profile that allowed tolerability even in a population with 50% of enrolled patients age ! 60 years. An important lesson illustrated by VcR-CVAD is that long-term remissions are achievable in some patients without intensive inductions or consolidation. The development of novel agents with activity in MCL and prognosticating information (ie, MRD testing) will likely further shape induction and maintenance strategies with a toxicity and activity profile that may be more favorable than VcR-CVAD.
